Sound emission and reception tuning in three cicada species sharing the same habitat by Sueur, Jerome et al.
Strathprints Institutional Repository
Sueur, Jerome and Windmill, James F.C. and Robert, Daniel and , Company of Biologists (Funder)
and , British Council (Paris) (Funder) (2010) Sound emission and reception tuning in three cicada
species sharing the same habitat. Journal of the Acoustical Society of America, 127 (3). pp. 1681-
1688. ISSN 0001-4966
Strathprints is designed to allow users to access the research output of the University of Strathclyde.
Copyright c© and Moral Rights for the papers on this site are retained by the individual authors
and/or other copyright owners. You may not engage in further distribution of the material for any
profitmaking activities or any commercial gain. You may freely distribute both the url (http://
strathprints.strath.ac.uk/) and the content of this paper for research or study, educational, or
not-for-profit purposes without prior permission or charge.
Any correspondence concerning this service should be sent to Strathprints administrator:
mailto:strathprints@strath.ac.uk
http://strathprints.strath.ac.uk/
Sound emission and reception tuning in three cicada species
sharing the same habitat
Jérôme Sueura
Muséum National d’Histoire Naturelle, Département Systématique et Evolution, UMR 7205 CNRS OSEB,
45 rue Buffon, 75005 Paris, France
James F. C. Windmill
Centre for Ultrasonic Engineering, Department of Electronic and Electrical Engineering, University of
Strathclyde, Royal College Building, 204 George Street, Glasgow G1 1XW, United Kingdom
Daniel Robert
University of Bristol, School of Biological Sciences, Woodland Road, Bristol BS8 1UG, United Kingdom
Received 1 April 2009; revised 18 December 2009; accepted 18 December 2009
Many animal species acoustically communicate at the same place and time generating complex
acoustic environments. However, the acoustic parameter space is usually structured, with each
species emitting identifiable signals. While signal partitioning has been reported, very few analyses
include the mechanical spectral response of auditory organs. The loud chorus generated by three
cicadas Cicada orni, Cicadatra atra, and Lyristes plebejus was studied. The vibration pattern of L.
plebejus shows traveling waves as previously observed in Ctra. atra. The spectral properties of both
calling songs and tympanal auditory systems primarily indicate that each species uses its own
frequency band. Male tympanal membranes TMs are tuned to their own song’s dominant
frequency, except for C. orni, which is sensitive to the lowest frequency band of its song. In contrast,
female TMs are broadly tuned to the male songs. Ctra. atra females differ by tuning to frequencies
slightly higher than the male song. Hence, acoustic space partitioning occurs for both emitter and
receiver, but does not seem to fully preclude interference risk as some spectral overlap exists. In
addition to the local physical ecology of each species, selective attention to conspecific signals is
likely to be enhanced by further mechanical and neuronal processing.
© 2010 Acoustical Society of America. DOI: 10.1121/1.3291036
PACS numbers: 43.80.Lb, 43.80.Ka, 43.80.Jz MJO Pages: 1681–1688
I. INTRODUCTION
Animals communicating with sound are often simulta-
neously active in the same habitat. They generate multispe-
cies choruses with intense acoustic interference, each calling
species being a source of noise to the others Römer, 1993.
Several strategies to increase the information transfer have
been hypothesized Brumm and Slabbekoorn, 2005. One
strategy is the production of species-specific signals, leading
to a partitioning of the acoustic parameter space through
temporal and/or frequency exclusion in accordance with the
signal space concept and the matched-filter hypothesis
Capranica and Moffat, 1983; Nelson and Marler, 1990. Par-
titioning has been particularly illustrated in frogs, crickets,
and cicadas Hödl, 1977; Riede, 1993; Lüddecke et al., 2000;
Sueur, 2002; Diwakar and Balakrishnan, 2007a. The valid-
ity of a signal partitioning strategy is linked, however, to the
sensory capacity of the receivers, in this case the spectral
sensitivity of the auditory system.
In this study, the particular role of peripheral auditory
processing in the detection and selection of species-specific
signals through frequency selection was investigated for
three cicada species, Cicada orni, Cicadatra atra, and Lyr-
istes plebejus. The male songs of these three cicada species
are broadcasted within the same habitat and at the same time
Boulard and Mondon, 1995. Hundreds of specimens can be
found on a single tree generating a continuous and loud cho-
rus Fig. 1, electronic supplementary material sound S1. Us-
ing scanning laser Doppler vibrometry on field-collected ani-
mals, the vibrations of L. plebejus tympanal membrane TM
are first described and then compared with those of C. orni
and Ctra. atra, which have previously revealed traveling and
standing waves, respectively Sueur et al., 2006, 2008a,
2008b. The frequency characteristics of both the calling
song CS, together with the mechanical response of the tym-
panal membrane, are then quantified and compared across
the three species. The study reveals that L. plebejus TM
moves following a traveling wave pattern. Furthermore,
these three closely related cicadas share acoustic space
through frequency exclusion. Finally, it is shown that some
frequency selectivity takes place at the peripheral level of the
TM, although this tuning is quite broad and does not com-
pletely match the CS dominant frequency.
II. METHOD
A. Calling song recording and analysis
The CS of 15 males per species C. orni, Ctra. atra, and
L. plebejus were recorded in France from 1995 to 2008 and
aAuthor to whom correspondence should be addressed. Electronic mail:
sueur@mnhn.fr
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analyzed in the frequency domain. Ten recordings of C. orni
made in 2001 were already used in Sueur et al., 2006, and
four recordings of Ctra. atra made in 2006 in Sales-le-
Château were already used in Sueur et al., 2006. Sampling
details for each species can be found in Table I. Isolated
males were recorded from a distance of 0.5–1 m using a
Telinga Pro4PiP microphone connected to a Sony TCD-D8
digital recorder or with a Sennheiser ME64 microphone con-
nected to a Marantz PMD 670 digital recorder. The sampling
frequency was 44.1 kHz. 1 min of each CS was analyzed in
the frequency domain using the package SEEWAVE Sueur et
al., 2008a, which is implemented in the R environment R
Development Core Team, 2009. A mean frequency spectrum
was computed using a sliding Fourier transform 12.5 Hz
resolution, nonoverlapping Hamming window.
B. Tympanal membrane mechanics
Specimens were caught and studied in 2005, 2007, and
2008. Specimens of Ctra. atra collected in 2005 15 speci-
mens were used in Sueur et al., 2008a, 2008b but mean
spectra data were not reported. Data for C. orni collected in
2007 19 specimens were extracted from Sueur et al.,
2008a, 2008b and completed by new data obtained in 2008.
Sampling details for each species can be found in Table I.
Animals were cooled to 8–10 °C, transferred to Bristol
UK in an icebox, and then placed at 24–26 °C and 40%–
62% relative humidity for 2 h before measurements. The
sound-induced vibrations of the TM were measured with a
Polytec PSV-300-F microscanning laser Doppler vibrometer,
with an OFV-056 scanning head. One ear was examined per
animal. The wings and the legs were cut back before me-
FIG. 1. Chorus of C. orni, Ctra. Atra, and L. plejus recorded in Cuges-les-Pins, France. a Mean spectrum, b spectrogram and oscillogram, and c detailed
oscillogram corresponding to the zone delimited by the vertical lines on the oscillogram depicted in b. A 1-kHz high-pass filter was applied to the sound to
remove background noise due to wind. Short-term Fourier analysis parameters: Hamming window, frequency resolution=12.5 Hz, and dynamic range
=45 dB.
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chanical measurements. The operculum and the meracanthus
that ventrally cover the tympanal organs, but are not me-
chanically linked to them, were also removed. Animals were
not anaesthetized during measurements but were firmly at-
tached to a horizontal brass bar 6 mm wide, 1 mm thick, and
16 mm long using BLU-TACK Bostik-Findley, Stafford,
UK. The overall spectral properties of the TM were assessed
by orienting the animals such that the vibrometer could scan
the TM as completely as possible, perpendicular to its sur-
face. The tympanal ridge TR area closest to the apodeme
could not always be examined, as in C. orni and L. plebejus
females where it was hidden by a cuticular sternal expansion
that could not be removed without compromising the audi-
tory system’s mechanical integrity. The mechanical deflec-
tions of L. plebejus tympanum were characterized in detail to
ensure a comparison with those of C. orni and Ctra. atra that
were previously described Sueur et al., 2006, 2008b.
Experiments were carried out on a TMC 784-443-12R
vibration isolation table located in a 20 m3 acoustic isolation
booth Industrial Acoustics IAC series 1204A. TM vibra-
tions were examined in response to frequency modulated
FM signals 80-ms duration sweeping at similar intensity
all frequencies from 1 to 22.05 kHz 1 dB. Acoustic
stimuli were amplified with a TAFE570 Sony Amplifier, and
broadcasted 0.25 m from the cicada with an ESS AMT-1
loudspeaker. Stimulation intensity was 66 dB sound pressure
level SPL at the cicada. Reference SPL was measured us-
ing a Bruel & Kjaer 4138 microphone and Bruel & Kjaer
2633 preamplifier, with a linear response in the measured
frequency range. Microphone sensitivity was calibrated us-
ing a Bruel & Kjaer 4231 sound level calibrator. The micro-
phone was positioned 10 mm from the tympanum, with its
diaphragm parallel to the direction of sound propagation.
Signals were simultaneously sampled at 102.4 kHz. Sets of
15 data windows were acquired and averaged for each mea-
surement point. Using a fast Fourier transform rectangular
window, a frequency spectrum was produced for the micro-
phone and laser signals with a resolution of 12.5 Hz. Vibro-
metry frequency spectra were normalized to those of the ref-
erence microphone by the computation of the following
transfer function:
Hf = Gabf
Gaaf
, 1
where Gabf is the cross-spectrum of the reference and ve-
locity signals and Gaaf is the autospectrum of the reference
signal. The data reliability was estimated by means of
magnitude-squared coherence C functions between the la-
ser and microphone signals, as follows:
Cf = GabfGbaf
GaafGbbf
, 2
where Gabf is the cross-spectrum of the velocity signal and
reference signal Fourier transform of the cross correlation
function between the two time series, Gbaf is the cross-
spectrum of the reference signal and velocity signal, Gaaf
and Gbbf are, respectively, the autospectra of the reference
signal and of the velocity signal. Only highly coherent mea-
surements 85% with minimal contamination by unrelated
noise were used.
C. Simulated chorus spectrum and tympanal spectral
filters
To test the filtering effect of the TM on the sound pro-
duced by a chorus, the CS mean spectrum of each species
was normalized and summed. This spectrum was multiplied
by the normalized TM mean spectrum of each species and of
each sex. A sound file was built adding at equal amplitude
level from each of the three species electronic supplemen-
tary material sound S2. Simulated chorus finite impulse re-
sponse FIR filters were applied to this summed sound file
Stoddard, 1998. To apply this filter, an inverse Fourier
transform of TM spectral properties of each species and sex
TABLE I. Location of recordings and specimens collected for TM mechan-
ics. Recordings of C. orni made in 2001 in Peyriac-de-Mer and Molitg-les-
Bains were already used in Sueur et al. 2008b. Recordings of Ctra. atra
made in 2005 in Sales-le-Château in 2005 were already used in Sueur et al.
2006. Specimens of C. orni and Ctra. atra and collected for TM mechan-
ics in 2005 and 2007 were previously used in Sueur et al. 2006, 2008b,
respectively.
Locality Administrative division Date Sample size
Calling song recordings
C. orni
Peyriac-de-Mer Aude 11 07-16-2001 5
Molitg-les-Bains Pyrénées-Orientales 66 07-17-2001 5
Saint-Hypolyte Pyrénées-Orientales 66 07-17-2001 5
Ctra. atra
Lafare Vaucluse 84 06-30-1996 3
Lespignan Aude 11 06-30-2000 1
Sales-le-Château Pyrénées-Orientales 66 06-22-2005 4
Cuges-les-Pins Bouches-du-Rhône 13 07-06-2008 7
L. plebejus
Beaumes-de-Venise Vaucluse 84 07-11-1995 3
Beaumes-de-Venise Vaucluse 84 07-13-1995 1
Cairanne Vaucluse 84 07-13-1995 1
Cuges-les-Pins Bouches-du-Rhône 13 07-06-2008 5
Riboux Bouches-du-Rhône 13 07-06-2008 2
Castellet Bouches-du-Rhône 13 07-07-2008 1
Signes Bouches-du-Rhône 13 07-07-2008 1
Gémenos Bouches-du-Rhône 13 07-07-2008 1
TM mechanics
C. orni
Cuges-les-Pins Bouches-du-Rhône 13 07-09-2007 19
Cuges-les-Pins Bouches-du-Rhône 13 07-09-2008 5
Ctra. atra
Sales-le-Château Pyrénées-Orientales 66 06-22-2005 15
Cuges-les-Pins Bouches-du-Rhône 13 07-09-2007 3
Cuges-les-Pins Bouches-du-Rhône 13 07-09-2008 8
L. plebejus
Cuges-les-Pins Bouches-du-Rhône 13 07-09-2007 2
Cuges-les-Pins Bouches-du-Rhône 13 07-09-2008 4
Gémenos Bouches-du-Rhône 13 07-09-2008 13
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was computed. This transform resulted in a series of impulse
responses. Each of them was convolved with the summed
sound file, as follows:
yt = h  xt , 3
with yt the filtered signal, xt the original signal, and ht
the impulse response.
D. Spectral description and comparison
For each spectrum, the dominant frequency frequency
peak of highest energy and the spectral flatness measure
SFM were estimated. SFM was calculated as follows:
SFM = n

n

f i

f i
, 4
where n is the number of f i frequency bands constituting the
spectrum. Values of SFM lie between 0 and 1, which, respec-
tively, indicate a highly tuned resonating system and a non-
resonating system.
Overlap between the spectra was assessed with the index
I as follows:
I = 1 −

S1f i − S2f i
2
, 5
where S1f and S2f are the probability mass functions of
the spectra to be compared.
Values of I range from 0 to 1, respectively, indicating
nonoverlapping and similar spectra. Originally expressed as
amplitude data mV for recorded songs or gain data
nm Pa−1 for TM vibrations, spectra were normalized to a
maximum of 1 before computing mean spectra and estimat-
ing interval confidence. All statistics were computed using R
R Development Core Team, 2009.
III. RESULTS
A. Vibration pattern of L. plebejus tympanum
The tympanum of L. plebejus showed the same general
structure as found in C. orni and Ctra. atra with a thin trans-
parent membrane crossed by a spearlike TR Sueur et al.,
2006, 2008a, 2008b. As in the two other species, there was
a clear sexual dimorphism in L. plebejus affecting both size
and shape Fig. 2. The male tympanum was large and rect-
angular, the TR being small compared to the whole surface
of the membrane. The female tympanum was smaller, had a
triangular shape, and showed a dark and large TR whose
length was almost three-quarters that of the largest mem-
brane width. When scanning the whole surface of the male
TM, it appeared that the central zone moved much less than
the lateral ones. In particular, the lateral area where the TR
was located showed a typical traveling wave going along the
TR from its apex to its base.
The envelope of the wave in motion along the TR was
particularly apparent when the response was displayed every
40° of phase angle in the full oscillation cycle Fig. 3. This
motion was confirmed by analyzing the phase lag as a func-
tion of stimulus frequency. Phase lag was substantial, ex-
ceeding the phase lag expected for the displacement response
of a simple oscillator maximum of 90° at frequencies
above resonance. Lag increased as a function of frequency.
At higher frequencies, such as 15 kHz, the phase lag reached
600° Fig. 4. When stimulated, the whole female tympa-
num moved and the TR was similarly crossed by a traveling
wave going from the apex to the base. The displacement
amplitude of the traveling wave was ten times smaller than
the one observed in males Fig. 3. The phase lag reached
150° at 15 kHz Fig. 4.
B. Calling songs of the three species
Each species’ CS occupied a specific frequency channel
minimizing acoustic competition. CS spectra of the three
FIG. 2. Posterior view of female left column and male right column
tympanum of a and b C. orni, c and d Ctra. Atra, and e and f
L. plebejus. Note the different scales. Scale bars=0.5 mm.
FIG. 3. Envelopes of mechanical deflections along L. plebejus TR from its
apex x to its base y. Deflections are shown for phase increments of 40°
in the full oscillation cycle. Top: male TR driven at 5.475 kHz. Bottom:
female TR driven at 6.925 kHz. In each case, the driving frequency is the
frequency of sound played back that deflected the TR the most, i.e., that
induced the mean greatest deflection. Note the change of y left scale.
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species showed similar low flatness values but different
dominant frequencies see Fig. 5a and Table II. CS spectra
did not overlap except for C. orni and L. plebejus between 4
and 6 kHz, leading to a higher similarity index than between
Ctra. atra and C. orni, and Ctra. atra and L. plebejus, re-
spectively Table III.
C. Tympanal spectral characteristics of the three
species
Male TMs of C. orni and L. plebejus were sharply tuned,
and the male TM of C. orni was not tuned to its own CS.
Male TM spectra showed different flatness and dominant fre-
quency values Fig. 5b, Table II. The TM dominant fre-
quency corresponded to the CS dominant frequency, except
for C. orni where an important mismatch appeared Welch
t-test for the dominant frequency, df =1, p0.001. The
similarity index indicated the highest values occurring be-
tween male TM and CS spectra of the same species Table
III.
Female TMs of C. orni and L. plebejus were broadly
tuned, and female TMs of Ctra. atra were not sharply tuned
to their conspecific CS. Female TM showed similar high
flatness values, but different dominant frequencies Fig. 5c,
Table II. The dominant frequency of the female TM of C.
orni and L. plebejus matched the dominant frequency of their
CS, whereas the Ctra. atra female TM dominant frequency
was significantly higher Welch t-test, df =1, p .001. The
similarity index showed the highest values between the fe-
male TM and CS spectra of the same species except in the
case of C. orni, for which an additional sensitivity was
present at higher frequencies Table III.
The TMs of C. orni males and females acted as sharp
and broad low-pass filters, respectively Fig. 6a; electronic
supplementary material sounds S3 and S4. The TMs of
Ctra. atra acted as broad high-pass filters Fig. 6b; elec-
tronic supplementary material sounds S5 and S6. The TMs
of L. plebejus acted as broad low-pass filters Fig. 6c; elec-
tronic supplementary material sounds S7 and S8.
IV. DISCUSSION
The chorus of C. orni, Ctra. atra, and L. plebejus gen-
erates a complex acoustic environment. However, each spe-
cies shows a specific calling spectrum in the frequency do-
main, leading to a partitioning in accordance with the signal
space concept and the matched-filter hypothesis Capranica
and Moffat, 1983; Nelson and Marler, 1990. In this context,
this work shows that the TM not only operates as an acous-
ticomechanical transducer, but also as a frequency filter that
contributes to signal detection and recognition. The TMs of
the three species, except for the males of C. orni, show reso-
nance peaks that match the highest energy peak of the con-
specific CS. The TM detuning of male C. orni does not pro-
duce a total filtering of the surrounding noise as the filter
frequency response is not totally flat above 3 kHz. However,
it significantly increases the lower frequency band of the
chorus, thus selectively enhancing the component produced
by C. orni and reducing signal competition with L. plebejus
in the 4–6 kHz range. This also prevents the male from being
deafened by its own song Sueur et al., 2008b.
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FIG. 4. Phase response along L. plebejus TR as a function of the driving
frequency. The phase response shows an increasing lag with both frequency
and distance along the TR. The phase lag increases to 245° for females
and to 880° for males.
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FIG. 5. Frequency spectra of the CS, and of both sex’s TM vibrations. a
Calling song, b male TM, and c female TM. Bold lines C. orni: solid,
Ctra. atra: dotted, and L. plebejus: dashed refer to the mean of the indi-
vidual spectra and surface to the 95% confidence interval. Spectra were
normalized to a maximum of 1 before mean and interval confidence estima-
tions. Sample sizes: 15 C. orni, 15 Ctra. atra, and 15. L. plebejus for CS; 13
C. orni, 13 Ctra. atra, and 10 L. plebejus for male TM; 11 C. orni, 13 Ctra.
atra, and 9 L. plebejus for female TM.
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The mechanical aspect of peripheral signal processing
found in the cicada is similar to that already documented for
several grasshopper and moth species Windmill et al., 2006,
2008. In particular, the TM deflection pattern of L. plebejus
measured in this work shows a convergence with the TM
vibrations previously described for Ctra. atra Sueur et al.,
2006 with a traveling wave that goes along the TR. C. orni
appears then as unique since the TM moves following a
standing wavelike behavior with a simple up-and-down os-
cillation Sueur et al., 2008b. The origin of this notable
difference in modes of vibrations has still to be discovered
but is probably linked to differences in membrane shape,
thickness, and stiffness.
Each different cicada TM does not filter out all of the
background noise due to other cicada species. This is particu-
larly true for females, which show tympanal mechanical re-
sponses with broad spectra. To respond appropriately to the
conspecific male CS and no other, a female must decode the
species-specific information embedded within the signal
alone or in a chorus. Several mechanisms very likely con-
tribute to this process, starting with the reception of sound by
the TM Robert and Hoy, 2007 and interneuronal selective
responses Fonseca et al., 2000, altogether supporting the
recognition of conspecific CS. In the present experiments,
the TR apex was not always optically accessible. Hence the
resonant frequency peak measured may be underestimated,
in particular, for L. plebejus and C. orni females. The apex
resonance may be lower and sharper. Connected to the audi-
tory neurons by an apodeme, the TR is a key structure that,
through its vibration, transmits frequency information to the
nervous system. The exact mechanisms of information trans-
fer between TR and sensory neurons are unknown but the
apodeme of C. atra has been recently proved to work as an
additional frequency filter that sharpens frequency tuning
around the CS dominant frequency Windmill et al., 2009.
There is also some neurophysiological evidence for another
filter enhancing frequency selection, as fine frequency analy-
sis can be achieved by auditory interneurons Fonseca et al.,
2000.
Evidently, in addition to spectral composition, the tem-
poral structure of the CS is also important for species-
specific recognition Gerhardt and Huber, 2002. Within the
chorus, to the human ear, species-specific patterns seem to be
lost. Yet, previous research has shown that temporal domain
selective audition is possible through the action of neuronal
temporal filters, as illustrated in cicadas Huber et al., 1990
and katydids Schul, 1998. Another way to reduce interfer-
ence is the use of substrate-borne signals that could be trans-
TABLE II. Spectral properties of the CS and the TM. Values of spectral flatness could range from 0 to 1, which, respectively, are indicative of a highly tuned
resonating system and a nonresonating system. Mean values are compared with an analysis of variance.
Spectral parameters C. orni Ctra. atra L. plebejus Fd.f p
CS
Dominant frequency kHz 4.510.15 n=15 10.780.86 n=15 6.570.67 n=15 376.42,42 0.001
Spectral flatness 0.210.04 n=15 0.270.08 n=15 0.220.09 n=15 2.12,42 0.135
Male TM
Dominant frequency kHz 2.130.28 n=13 10.231.53 n=13 5.480.77 n=10 207.12,33 0.001
Spectral flatness 0.560.08 n=13 0.760.08 n=13 0.550.04 n=10 39.582,33 0.001
Female TM
Dominant frequency kHz 4.390.92 n=11 13.291.76 n=13 6.931.02 n=9 140.62,30 0.001
Spectral flatness 0.920.02 n=11 0.900.05 n=13 0.880.06 n=9 2.112,30 0.139
TABLE III. Similarity I between the CS and TM spectra. Values of I could range from 0 to 1, which,
respectively, are indicative of nonoverlapping and similar spectra. Bold style indicates for each species the
correspondence between CS spectrum and TM spectrum table diagonal.
CS spectrum
C. orni L. plebejus Ctra. atra
CS spectrum
C. orni 0.760.06 n=105
L. plebejus 0.600.08 n=195 0.830.05 n=105
Ctra. atra 0.200.06 n=195 0.300.05 n=195 0.820.06 n=105
TM spectrum
C. orni male 0 .350 .04 n=195 0.320.05 n=195 0.250.04 n=195
C. orni female 0 .430 .06 n=165 0.450.06 n=165 0.450.07 n=165
L. plebejus male 0.650.05 n=150 0 .650 .06 n=150 0.340.05 n=150
L. plebejus female 0.480.06 n=135 0 .510 .06 n=135 0.410.06 n=135
Ctra. atra male 0.400.10 n=195 0.470.08 n=195 0 .560 .09 n=195
Ctra. atra female 0.310.05 n=195 0.350.05 n=195 0 .460 .07 n=195
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mitted at close range when partners stay on the same plant
part Cocroft and Rodríguez, 2005 and the selection by each
species of a particular microhabitat Hödl, 1977; Sueur,
2002; Diwakar and Balakrishnan, 2007b. Here each species
seems to occupy a different position in the tree: L. plebejus at
the tip of canopy thin branches, C. orni on trunk and large
branches as already reported Claridge et al., 1979, and
Ctra. atra on small branches.
V. CONCLUSIONS
This study reveals that three closely related cicadas
share acoustic space through frequency exclusion. It is also
shown that some frequency selectivity takes place at the pe-
ripheral level of the TM. However, this peripheral tuning is
quite broad, not perfectly matching the CS dominant fre-
quency. Comparing the three species considered here, it is
apparent that the peripheral processing achieved by the TM
has evolved to carry out at least two tasks: the transduction
of acoustic energy and the early processing of sound-induced
vibrations. It should be noted that the actual frequency selec-
tivity of the different TMs may be higher than reported here,
as it was not always possible to measure the entire TM area
with the laser vibrometry technique. It is also unclear how
the peripheral mechanical frequency selectivity of the TM
relates to the further stages of auditory processing, with the
transfer of information to the sensory neurons, the interneu-
rons, up to the brain. Finally, this work describes the TM
response of only three, closely related, cicadas, yet has
shown startling differences in the mechanics of those re-
sponses between one species and the others. There are ap-
proximately 2500 species of cicada worldwide, suggesting
that there may be many further different peripheral auditory
mechanisms still to be discovered.
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FIG. 6. Frequency-filter effect of the TM on a simulated chorus spectrum.
Dotted gray lines refer to the summed spectrum of the CS mean spectra of
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